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Abstract: A proportion of children with visual impairments have specific reading
difficulties that cannot be easily explained. This article reviews the data on
problems with braille reading and interprets them from the framework of the
temporal–processing deficit theory of developmental dyslexia.
Like many sighted children who struggle
with learning to read, a proportion of chil-
dren with visual impairments have spe-
cific difficulties related to reading braille
that cannot be easily explained (Arter,
1998). Although some of these difficulties
may stem from the complexity of the
braille code, they should not be consid-
ered merely an unavoidable consequence
of the use of such a complicated reading
medium. Some researchers (Arter, 1998;
Coppins & Barlow-Brown, 2006; Gre-
aney & Reason, 1999) have proposed the
possible existence of braille dyslexia.
Both the World Health Organization
(1993) and the British Psychological So-
ciety (1999) use a broad working defini-
tion of developmental dyslexia with no
exclusionary criteria. The term may also
be applied to individuals with sensory
impairments, such as blindness. Research
on dyslexia has shown that the major def-
icit that causes literacy problems in dys-
lexia lies in the phonological domain (Ra-
mus et al., 2003). One of the leading
theories postulates that the fundamental
impairment that directly causes phono-
logical trouble in dyslexia is a deficit in
temporal information processing (Stein &
Walsh, 1997). In this article, we interpret
existing data on problems with learning to
read braille from the framework of this
theory.
Language and literacy
development of children
with visual impairments
The development of language and literacy
in children with visual impairments is
similar to that of children who are sighted
(Brambring, 2007). Although children
who are visually impaired show clear de-
velopmental delays in the production of
syllables and the acquisition of their first
word, these developmental divergences
decline during the course of further de-
velopment. Generally, no differences can
be confirmed when 10- or 50-word vo-
cabularies are compared (Bigelow, 2005;
Brambring, 2007; Mulford, 1988). Chil-
dren with visual impairments perform on
a comparable level with sighted children
on different language-related tasks, such
as identifying mispronounced words and
imitating speech by age 5 (Dodd, 1980;
Lucas, 1984) and phonemic fluency by
age 15 (Wakefield, Homewood, & Tay-
lor, 2006).
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Visual impairment seriously challenges
a person who is in the process of learning
a language and becoming literate. It has
been argued that in the absence of vision,
children may have more difficulty un-
derstanding concepts and the relation-
ships between concepts as well as ac-
quiring generalizations about language
(Andersen, Dunlea, & Kekelis, 1993). It
has also been hypothesized that speech
perception may be more complicated
without the redundant input from looking
at mouth movements (Millar, 1997).
Speech perception plays an important role
in learning to read, since it supports the
development of proper phonological rep-
resentations of sounds that are present in
language (Stein, 2000).
The same reciprocal interaction be-
tween phonological awareness and read-
ing acquisition that has been reported in
individuals who are sighted (Bentin &
Leshem, 1993) appears to be evident in
individuals with visual impairments (Gil-
lon & Young, 2002). Some studies have
reported poorer phonological awareness
skills in children with visual impairments
(Dodd & Conn, 2000), whereas others
have found no difference in the perfor-
mance of children who are blind and
those who are sighted (Greaney & Rea-
son, 1999).
In individuals with visual impairments,
the sense of touch is substituted for the
sense of vision as a reading medium. Peo-
ple who are learning to read braille must
acquire the ability to extract spatial infor-
mation from subtle tactile stimuli (Sadato,
2005). The acquisition of phoneme-
grapheme correspondence while learning
to read initially depends on solid tactile
recognition of letters and words (Millar,
1997). Therefore, tactile sensitivity is es-
sential to the reading process.
Aside from the tactile nature of braille,
the partly logographic nature of braille
orthography also adds to the complexity
of learning to read (Millar, 1997). It has
been demonstrated that the logographic
nature of contracted braille interferes with
the development of phonological aware-
ness (Dodd & Conn, 2000). The use of
contractions, it has been claimed, pre-
vents the possibility of auditory analysis
and consequently contributes to problems
in syllabification (Lowenfeld, 1969).
Despite all the described difficulties,
most children with visual impairments
who study braille will learn the braille
script. Because of the complexity and tac-
tile nature of braille, children with visual
impairments start reading later and are
slower readers than are children who are
sighted (Dodd & Conn, 2000). A propor-
tion of children with visual impairments,
however, fail to master the skill despite
remedial efforts (Arter, 1998; Greaney &
Reason, 1999). Within the sighted popu-
lation, the term developmental dyslexia is
most commonly used in relation to the
failure to acquire age-appropriate reading
skills (Coppins & Barlow-Brown, 2006).
Both phonological awareness and tactile
perception play an important role in the
process of learning to read braille. Per-
sons with visual impairments who find it
difficult to read braille have been reported
to have difficulties with both. Similar dif-
ficulties are also experienced by individ-
uals with dyslexia. Therefore, by placing
data on problematic braille reading within
the context of the temporal processing–
deficit theory of dyslexia, we may be able
to gain a better understanding of the
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direction in which research on this subject
could be taken next.
Temporal processing–deficit
theory of dyslexia
Developmental dyslexia is a specific in-
herited neurological disorder that affects
about 5% to 10% of the population. It is
characterized by severe reading and spell-
ing difficulties that are resistant to the
usual teaching methods and remedial ef-
forts (Gersons-Wolfensberger & Ruijs-
senaars, 1997). The predominant current
etiological view postulates that dyslexia
is the result of a cognitive deficit that is
specific to the representation and process-
ing of speech sounds (Snowling, 2000).
Research has provided ample evidence
that persons with dyslexia have specific
difficulties processing the phonological
structure of language and that training in
phonological skills improves the reading
performance of poor readers (see, for ex-
ample, Bradley & Bryant, 1983; for a
review, see Rack, 1994).
It has been shown that persons with
dyslexia are worse than individuals with-
out dyslexia in processing short, rapidly
presented and dynamic, changing acous-
tic stimuli (Talcott & Witton, 2002; Van
Ingelghem et al., 2005). Persons with dys-
lexia also tend to have subtle speech-
perception problems (McBride-Chang,
1995). It is hypothesized that the deficit in
perceiving auditory temporal cues causes
a problem in accurately detecting rapid
acoustical changes in speech and conse-
quently disrupts the development of ade-
quate phonological representations (Tal-
cott & Witton, 2002; Wright et al., 1997).
It has been suggested that an analogous
problem in the visual magnocellular sub-
system interferes with the development of
orthographic skills (Stein, 2001; Stein &
Walsh, 1997). The auditory and visual
research traditions converge in postulat-
ing that dyslexia results from a shortage
in temporal information processing. As a
consequence, the general temporal pro-
cessing deficit theory suggests that this
kind of deficit can be generalized to all
modalities (Stein & Walsh, 1997). This
assumption was further supported by the
discovery of decreased tactile sensitivity
in individuals with dyslexia (Grant, Zan-
galadze, Thiagarajah, & Sathian, 1999;
Stoodley, Talcott, Carter, Witton, &
Stein, 2000).
Anatomical support for the temporal
processing deficit theory has come from
the research of Livingstone, Rosen,
Drislane, and Galaburda (1991), who
conducted neuropathological studies on
dyslexic brains postmortem. These re-
searchers found that the neurons of the
magnocellular layers of the lateral
geniculate nucleus (the entity in the
thalamus that processes visual tran-
sients) are, on average, 27% smaller in
dyslexic brains. The magnocellular sys-
tem is specialized for timing visual
events and hence for detecting visual
motion. It communicates this informa-
tion rapidly to the visual cortex via the
magnocellular layers of the lateral
geniculate nucleus and to the superior
colliculus for the reflex control of eye
movements (Stein, 2003). Furthermore,
Galaburda, Menard, and Rosen (1994)
found that the distribution of neuronal
sizes differed between the left dyslexic
and left control medial geniculate nu-
cleus (the auditory relay nucleus of the
thalamus), with dyslexic brains having
more small and fewer large neurons.
The magnocellular divisions of all the
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auditory relay nuclei have a particular
responsibility for following changes in
the frequency or amplitude of acoustic
signals with time (Trussel, 1998).
In line with the assumptions of the tem-
poral–processing deficit theory, Boets,
Wouters, van Wieringen, De Smedt, and
Ghesquie`re (2008) investigated the inter-
relationships among preschool measures
of dynamic sensory processing, speech
perception, orthographic and phonologi-
cal ability, and first-grade measures of
reading and writing achievement using
structural equation modeling. Using data
from a longitudinal study with a group of
children who were at a high family risk of
dyslexia and a group of well-matched
control children (Boets, Wouters, van
Wieringen, & Ghesquie`re, 2006a; 2006b;
Boets, Ghesquie`re, van Wieringen, &
Wouters, 2007), Boets et al. (2008) con-
structed and tested a path model for read-
ing development. In this model, phono-
logical awareness was determined by
speech perception, which, in turn, was
determined by dynamic auditory process-
ing. Likewise, dynamic visual processing
was related to orthographic ability.
The model fit was best when the direct
influence of dynamic auditory processing
on phonological awareness was allowed.
Similarly, speech perception had a direct
influence on reading development. Sub-
sequently, phonological awareness and
orthographic ability—together with ver-
bal short-term memory—were shown to
be the unique predictors of literacy devel-
opment. These preschool data are in ac-
cordance with those of previous studies of
adults and school-aged children that dem-
onstrated that dynamic auditory sensitiv-
ity is uniquely related to phonological
skills, whereas visual sensitivity is related
to orthographic skills (Talcott & Witton,
2002). In individuals with visual impair-
ments, we assume that tactile sensitivity
has a similar relationship to orthographic
skills as visual sensitivity has to ortho-
graphic skills in people who are sighted.
The role of auditory perception
and speech perception
The temporal–processing deficit theory of
dyslexia hypothesizes that the basic def-
icit in perceiving auditory temporal cues
causes a problem for the accurate detec-
tion of rapid acoustical changes in speech
and consequently disrupts the develop-
ment of adequate phonological represen-
tations and later reading and spelling
skills (Talcott & Witton, 2002; Wright
et al., 1997). Auditory temporal process-
ing seems to be crucial in the develop-
ment of adequate phonological represen-
tations. The cues that distinguish the
different letter sounds are changes in the
frequency and amplitude of speech
sounds. The difference, for example, be-
tween /d/ and /b/ is that in /d/, the second
and third formants rise in frequency in the
first 40 milliseconds, while in /b/, they go
down. Thus, phonological analysis draws
heavily on the ability of the auditory sys-
tem to track changes in frequency and
amplitude accurately (Stein, 2000).
It has been demonstrated that persons
with dyslexia are less sensitive to particular
rates of auditory frequency modulation (2
Hz and 40 Hz) (Witton et al., 1998). Van
Ingelghem et al. (2001) showed that 70% of
children with dyslexia had higher thresh-
olds than did persons without dyslexia for
auditory temporal processing. Temporal
processing measures were significantly re-
lated to word and nonword reading skills.
Furthermore, Boets et al. (2008) showed
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that the sensory problems observed in dys-
lexia precede the literacy delay. Thus, high
auditory frequency modulation sensitivity
seems to enable children to develop strong
phonological skills, whereas poor auditory
frequency modulation sensitivity prevents
them from doing so (Stein, 2000).
No data on the auditory frequency mod-
ulation sensitivity of children or adults who
are blind were found. Adults with visual
impairments have been shown to have en-
hanced performance of auditory perception
(Ro¨der & Ro¨sler, 2003), attention (Ro¨der,
Ro¨sler, & Neville, 1999), pitch and tempo-
ral order discrimination (Gougoux et al.,
2004), and speech perception (Ro¨der, Ro¨-
sler, & Neville, 2000). Relevant data on
children who are visually impaired is virtu-
ally nonexistent. The question of whether
children with visual impairments who
struggle with learning to read braille also
have problems with auditory temporal pro-
cessing and speech perception remains to be
elucidated.
The role of phonological
awareness
Auditory temporal processing determines
the development of adequate representa-
tions of speech sounds. If these sounds
are poorly represented, stored, or re-
trieved, learning grapheme-phoneme cor-
respondences—the foundation of reading
an alphabetic system—will be affected
accordingly (Snowling, 1981). Children
who have dyslexia perform particularly
poorly on tasks that require phonological
awareness—that is, the conscious manip-
ulation of speech sounds (Johnston &
Morrison, 2007; Snowling, 1991).
Although only limited data on braille
reading difficulties are available, the re-
ciprocal nature of the interaction between
phonological awareness and reading ac-
quisition that has been reported for
sighted children (Bentin & Leshem,
1993) also appears to be evident for chil-
dren who are visually impaired in relation
to reading braille. Gillon and Young (2002),
who studied the phonological awareness
skills of children who read braille, found a
strong relationship between phonological
awareness and braille reading accuracy and
comprehension. Children who were reading
below their age levels were also delayed in
their ability to understand the sound struc-
ture of spoken language at the phonemic
level and to use phonological knowledge in
the reading process. Good braille readers,
however, had standard scores within or
above the average range for their ages on
complex phonological tasks when com-
pared to children who are sighted (Gillon &
Young, 2002).
Greaney and Reason (1999) described
two examples of children who were blind,
having tested them with the Phonological
Assessment Battery. One child, Hailey
(aged 9 years, 1 month), was behind chro-
nological age expectations in word recog-
nition, prose reading, reading accuracy, and
comprehension. Hailey showed marked
phonological difficulties and had severe
problems with most elementary phonolog-
ical skills. On the testing battery, her results
on five out of seven subtests [alliteration,
rhyme, spoonerism, nonword reading, flu-
ency (alliteration, rhyme), and nonphono-
logical fluency] were two standard devia-
tions below the mean. According to
Greaney and Reason (1999), Hailey can be
considered dyslexic, particularly because
she demonstrates marked weaknesses in the
“phonological core variable.”
In another case study, Young and Gillon
(1998, cited in Gillon & Young, 2002),
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demonstrated that an adapted version of a
phonological awareness program, which
had been successful in enhancing the word
recognition skills of poor readers who were
sighted, was also beneficial for D.R., an
11-year-old child with a visual impairment.
Implementation of the training (Phonologi-
cal Awareness Training for the Blind In-
struction Manual; Young & Gillon, 2001)
coincided with a rapid improvement of
D.R.’s phonological-processing ability and
braille reading.
The role of verbal short-term
memory
Another variable that is hypothesized to
act on literacy development is verbal
short-term memory. Explanations of in-
dividual differences in memory span are
most often couched in terms of the
working memory model proposed by
Baddeley and Hitch (1974). Baddeley
and Hitch suggested a tripartite system
of a visuospatial sketch pad, a central
executive, and a phonological loop. The
phonological loop is a limited-capacity
system in which decaying traces may be
refreshed by subvocal rehearsal (Mc-
Dougall, Hulme, Ellis, & Monk, 1994).
The most common tasks that are used to
test verbal short-term memory are digit
span, the recall of words, and the repe-
tition of nonwords (Gathercole, 1999).
Individuals with dyslexia whose short-
term memory has been shown to be
affected perform particularly poorly on
the aforementioned tasks (Snowling,
2000).
The short-term memory of adults and
children with visual impairments has
been shown to be better than that of their
peers. Hull and Mason (1995) tested a
large sample of children with visual im-
pairments and found that gender, first lan-
guage, and educational setting had no ef-
fect on the children’s scores and that the
children who were congenitally blind
scored higher than did the children who
were sighted. The precise reason for their
better memory span is not known. It is
thought that preschool children who are
blind who structure the world without the
aid of vision have a greater need for ver-
bal memory and thus become more
skilled in this area (Hull & Mason, 1995).
None of the studies that focused on braille
reading difficulties has specifically mea-
sured verbal short-term memory or ana-
lyzed its relationship to the reading skill
of children in braille below the age-
expected level. Verbal short-term mem-
ory has been shown to be one of the
unique predictors of literacy development
(Boets et al., 2008). Therefore, the rela-
tionship between verbal short-term mem-
ory and other predictors of literacy devel-
opment should be studied thoroughly in
individuals who are visually impaired.
The role of tactile processing
Tactile processing substitutes for visual
processing in reading in individuals with
visual impairments. Several studies have
demonstrated that adults who are blind
perform better on different tactile tasks
than do those who are sighted (Grant,
Thiagarajah, & Sathian, 2000; Van Boven
et al., 2000). The superior performance,
however, has been shown to reflect their
braille reading experience (Van Boven
et al., 2000). That is, reading braille
improves the tactile sensitivity of the
reading finger by expanding the process-
ing area on the somatosensory cortex
(Van Boven et al., 2000). Furthermore,
people who are sighted can reach the
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tactile performance of persons who are
blind through training (Grant et al., 2000).
Grant et al. (1999) used gratings of
alternating ridges and grooves to investi-
gate tactile perception in dyslexia. Com-
pared to individuals in the control group,
persons with dyslexia were significantly
impaired on the discrimination of grating
orientation, with mean thresholds that
were nearly twice as high as normal.
Further support for previous findings
came from Stoodley et al. (2000), who
examined the domain of somatosensory
perception in adults with a prior history
of dyslexia compared to similarly aged
adults in a control group. The detection
thresholds for three frequencies of vi-
bration (3Hz, 30 Hz, and 100 Hz) were
obtained. Individuals with dyslexia
were significantly less sensitive to vi-
bration at 3 Hz, which suggests the im-
pairment of the slow-adapting I (SAI)
fiber system beginning with Merkel-cell
mechanoreceptors in the glabrous skin.
The same SAI fibers with Merkel recep-
tors are responsible for the recognition
and processing of braille characters
(Phillips, Johansson, & Johnson, 1990).
Arter (1998) studied children with vi-
sual impairments who were struggling to
learn to read braille and found that 10 of
the 12 experienced problems with tactile
perception. Hailey (from the case study
presented in Greaney & Reason, 1999)
also seemed to have difficulties with tac-
tile perception.
Conclusion
The literacy development of children who
are visually impaired is highly dependent
on the children’s caretakers and teachers
who are responsible for compensating for
the absence of spontaneous interaction
with written language. A child with many
interesting and stimulating experiences of
books and reading is likely to be more
motivated to acquire a complicated read-
ing medium, such as braille, than is a
child who does not even know that oral
language can be written down (Erickson
& Hatton, 2007).
Studies that have compared individuals
who are sighted to those who are blind
have shown that the latter are slower read-
ers than are skilled sighted persons who
read print. This difference, however, is
due more to the tactile process of reading
braille than to any major differences in
orthographic or phonological processing
(Barlow-Brown & Connelly, 2002). The
main information-processing tasks in
reading are essentially the same irrespec-
tive of whether the input stimulus is vi-
sual or tactile (Pring, 1984).
As in the sighted population, a propor-
tion of individuals with visual impair-
ments are unable to master the skill of
reading despite remedial efforts (Arter,
1998). Limited data on problematic
braille reading have shown that persons
with visual impairments who struggle
with reading also have difficulties with
phonological awareness (Gillon &
Young, 2002) and tactile perception (Ar-
ter, 1998; Greaney & Reason, 1999).
The temporal–processing deficit theory
of dyslexia assumes that there are deficits
in both these domains. The theory hy-
pothesizes that the deficit in perceiving
auditory temporal cues causes a problem
for the accurate detection of rapid acous-
tical changes in speech and consequently
disrupts the development of adequate
phonological representations (Talcott &
Witton, 2002). It has been demonstrated
that children with dyslexia have higher
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thresholds than do those without dyslexia
for auditory temporal processing (Boets
et al., 2008; Van Ingelghem et al., 2001).
Furthermore, temporal-processing mea-
sures are significantly related to word and
nonword reading in children both with
and without dyslexia (Van Ingelghem
et al., 2001). The temporal-processing
deficit has also been shown to affect
visual (Stein & Walsh, 1997) and tactile
sensitivity (Stoodley et al., 2000) in per-
sons with dyslexia. The decreased tactile
sensitivity to vibration at 3 Hz of persons
with dyslexia suggests an impairment of
the SAI fiber system beginning with
Merkel-cell mechanoreceptors in the gla-
brous skin. The same SAI fibers with
Merkel receptors are responsible for the
recognition and processing of braille
characters (Phillips et al., 1990). In indi-
viduals who are visually impaired, the
sense of touch has taken over the function
of vision in the reading process. There-
fore, a relationship similar to that seen in
sighted individuals can be assumed be-
tween tactile sensitivity and orthographic
skills in persons who read braille.
The limited amount of data from studies
of children who have problems with braille
reading seems to be compatible with obser-
vations that have been made in research on
dyslexia. It could be the case that the neural
deficit that is observed in dyslexia prevents
a proportion of children with visual impair-
ments from developing the tactile sensitiv-
ity that is necessary to decode braille and
the auditory acuity that is needed to detect
frequency modulation in speech, which un-
derlie phonological awareness abilities and
are necessary to tackle the partly logo-
graphic nature of braille orthography.
Therefore, there is a need for extensive
research on the relationships among dif-
ferent subskills of reading braille. Re-
search on phonological awareness and or-
thographic measures could be extended to
looking at psychophysical underpinnings
(low-level auditory and tactile process-
ing), which would give the field a new
dimension in the consideration of the ex-
istence of braille dyslexia.
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